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PROCESS FOR THE PREPARATION OF
DIMETHYL ETHER

The present invention relates to a process for the prepara-
tion of dimethyl ether from a methanol feed stock. In particu-
lar, the invention provides catalytic conversion of the metha-
nol feed stock in a gas cooled dimethyl ether reactor by
indirect heat exchange with a cooling gas being passed in
co-current flow direction with the reacting methanol feed
stock through the reactor.

The invention serves to solve the problem with detrimental
formation of carbon on the catalyst surface during the dehy-
dration reaction of methanol to dimethyl ether by cooling the
reaction to reduce or avoid carbon formation on the catalyst.

Accordingly, this invention is in its broadest embodiment a
process for the preparation of dimethyl ether comprising the
steps of:

a) providing a methanol containing feed stock;

b) introducing the feed stock into a reaction zone within a gas
cooled dimethyl ether reactor and passing the feed stock
through the reaction zone;

¢) introducing a cooling gas stream into a cooling space
within the gas cooled dimethyl ether reactor;

d) reacting the feed stock in the reaction zone in presence of
a catalyst being active in the dehydration of methanol to
dimethy! ether to obtain a reactor effluent comprising dim-
ethyl ether

e) passing the cooling gas stream through the cooling space in
indirect heat exchanging relationship with the feed stock in
the reaction zone, wherein flow direction of the cooling gas
stream is co-current with the flow direction of the feed
stock in the reaction zone.

A useful reactor for use in the inventive process contains
within a common shell a plurality of catalyst tubes forming
the reaction space. The tubes are arranged spaced apart to
leave room for the cooling space. The cooling gas is then
introduced on shell side of the catalyst tubes in the cooling
space and flows along the shell side in heat exchanging rela-
tionship with the reacting gas on tube side of the catalyst
tubes. Thereby the reacting gas is cooled below the critical
carbon forming temperature.

In further an embodiment of the invention the cooling gas
stream being used in the reactor is formed by the methanol
feed stock, which after evaporation is introduced into the
cooling space of the reactor.

When employing the feed stock as cooling gas stream it is
preferred to introduce the stream after having cooled the
dehydration reaction into the reaction zone as the feed stock
for the methanol dehydration reaction.

In further an embodiment of the invention the methanol
feed stock is preheated by indirect heat exchange with the
cooling gas stream having been withdrawn from the cooling
space prior to introduction into the reaction zone and the pre
heated feed stock is further heated with a second hot gas
stream prior to introduction into the reaction zone.

In the latter embodiment it is preferred that the second hot
gas stream is a reactor effluent from an adiabatic operated
catalytic reactor for the conversion of methanol to dimethyl
ether.

When employing an adiabatic operated reactor, the feed
stock to this reactor is preferably the reactor effluent from the
gas cooled dimethyl ether reactor being passed to the adia-
batic dimethyl ether reactor for further adiabatically reacting
unconverted methanol in the effluent in presence of a catalyst
being active in conversion of methanol to dimethyl ether to
obtain an adiabatically reacted dimethyl ether reactor eftlu-
ent.
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Catalysts being suitable for use in this invention are per se
known in the art and are preferably selected from the group of
solid acids, including alumina, alumina silicates or a mixture
of these compounds.

The invention is disclosed in more detail by reference to the
drawings in which

FIG. 1 shows a simplified flow sheet of a process for the
preparation of dimethyl ether in accordance with one embodi-
ment of the invention.

In this embodiment a stream of liquid methanol feed stock
is passed in line 2 to an evaporator 4 and evaporated into
gaseous form. The gaseous methanol feed stream is then
forwarded in line 6 to a first heat exchanger 8.

In the first heat exchanger the gaseous methanol stream is
preheated to 220° C. by indirect heat exchange with a hot
methanol gas stream 20 having served as cooling gas in gas
cooled dimethy] ether reactor 16 as further described below.

The preheated methanol stream is introduced via line 10
into a second heat exchanger 12. In heat exchanger 12 the
preheated methanol stream is further heated to 260° C. by
indirect heat exchange with a hot dimethyl ether product
stream leaving an adiabatically operated dimethyl ether reac-
tor 28 at 336° C.

The thus heated methanol feed stock is subsequently intro-
duced via line 14 at top portion of the gas cooled reactor 16
into cooling space 18. The cooling space is formed between
reactor tubes 24 on shell side of the tubes.

When introduced into the cooling space, the gaseous
methanol feed stock is employed as cooling gas and is passed
in co-current flow direction with the reacting methanol feed
stock in tubes 14. The gas cools thereby the methanol dehy-
dration reaction proceeding on the catalyst arranged within
tubes 24. Having cooled the reaction by indirect heat
exchange, the gaseous methanol feed is withdrawn at a tem-
perature of 320° C. from cooling space 18 at bottom portion
of reactor 16 via line 20.

The fed stock having served as cooling gas is subsequently
introduced into heat exchanger 8 to preheat the feed stock
from line 6 as described above and is thereby cooled to 270°
C.

Subsequently the cooled feed stock is passed to reactor 16
in line 22 and introduced at top portion of the reactor into a
reaction zone formed by a plurality of catalyst tubes 24.

In the reaction zone methanol in the feed stock is catalyti-
cally dehydrated to a gas being rich in dimethyl ether. The
reacting feed stock is passed in co-current flow direction with
the cooling gas on shell side of the tubes and is thereby cooled
by indirect heat exchange with the cooling gas. A reactor
effluent being rich in dimethy] ether is withdrawn at 329° C.
from bottom portion of the reactor and via line 26 passed to
adiabatic reactor 28, optionally after cooling in a heat
exchanger (not shown).

Reactor 28 is provided with a fixed bed of a methanol
dehydration catalyst 30 and remaining amounts of methanol
in the effluent from reactor 16 are adiabatically converted to
dimethyl ether.

Prior to a dimethyl ether rich product is collected via line
34, the product is withdrawn from reactor 28 at a temperature
01'336° C. and passed via line 32 through heat exchanger 12
for heating the methanol feed stock as described above.

The invention claimed is:

1. Process for the preparation of dimethyl ether comprising
the steps of:

a) providing a methanol containing feed stock;

b) introducing the feed stock into a reaction zone within a

gas cooled dimethyl ether reactor and passing the feed
stock through the reaction zone;
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¢) introducing a cooling gas stream into a cooling space
within the gas cooled dimethyl ether reactor;

d) reacting the feed stock in the reaction zone in presence of
a catalyst being active in the dehydration of methanol to
dimethyl ether to obtain a reactor effluent comprising
dimethyl ether; and

e) passing the cooling gas stream through the cooling space
in indirect heat exchanging relationship with the feed
stock in the reaction zone, wherein flow direction of the
cooling gas stream is co-current with the flow direction
of the feed stock in the reaction zone;

wherein the cooling gas stream is formed by evaporating
the methanol feed stock prior to the introduction into the
cooling space, and wherein the cooling gas stream is
withdrawn from the cooling space and subsequently
introduced as the feed stock into the reaction zone,

and wherein the methanol feed stock is preheated in a first
heat exchanger by indirect heat exchange with the cool-
ing gas stream having been withdrawn from the cooling
space.
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2. Process according to claim 1, wherein the methanol feed
stock is preheated in the first heat exchanger prior to intro-
duction into the reaction zone and the preheated feed stock is
further heated with a second hot gas stream prior to introduc-
tion into the reaction zone.

3. Process according to claim 2, wherein the second hot gas
stream is a reactor effluent from an adiabatic operated cata-
Iytic reactor for the conversion of methanol to dimethy] ether.

4. Process according to claim 1, wherein the reactor efflu-
ent obtained in step d) is passed to an adiabatic dimethyl ether
reactor, optionally after cooling and adiabatically reacted in
the presence of a catalyst being active in conversion of metha-
nol to dimethyl ether to obtain a adiabatically reacted dim-
ethyl ether reactor effluent.

5. Process according to claim 1, wherein the catalyst being
active in conversion of methanol to dimethyl ether comprises
aluminum and/or alumina silicate.
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